Purpose To investigate the possible risk factors associated with lenticular progressive myopia and to compare the differences between patients with lenticular progressive myopias and senile cataracts. Methods We retrospectively reviewed cases that had been diagnosed as lenticular progressive myopia with a discrete nuclear sclerotic cataract and progressive myopic changes in one hospital from January 1998 to February 2003. A total of 47 eyes of 35 patients were enrolled in this study. In all, 32 eyes of 29 cases of common senile cataract receiving cataract extraction surgery during the study period were randomly chosen (every four cases in time sequence within a 2-month period by two ophthalmologists' clinic in 2002) as the control group. We compared the preoperative refraction status, keratometry (K-values) and axial lengths between these two groups. The possible ocular or systemic associating diseases were also investigated in the study group. Results In the lenticular progressive myopia group, the mean age at surgery (52.979.2 years) is younger than that in the senile cataract group (68.177.3 years). The mean axial length in the study group (25.6871.93 mm) is statistically significant longer than that in the control group (22.9770.83 mm) (Po0.0001). Besides, patients with lenticular progressive myopia had significantly lower mean K-values (43.2571.42 diopters) than patients with senile cataracts (44.2571.28 diopters) (Po0.01). There were no other ocular or systemic diseases closely associated with lenticular progressive myopia. Conclusions Patients with nuclear cataract combined with lenticular progressive myopia have longer axial length than patients with senile cataract. The longer axial length may be one of the important risk factors predisposing to lenticular progressive myopia.
Introduction
The clinical presentation of lenticular progressive myopia is well known. In 1946, Cordes 1 described a form of nuclear cataract in which a small central zone develops an increase in its refractive index resulting in lenticular progressive myopia. Cataract manifested by an opalescent nuclear sclerosis may result in a significant myopic refractive change as well as significant decrease in glare acuity and vision. 2, 3 Cataract extraction, including phacoemulsification, allowed a satisfactory surgical result. Brown and Hill 4 found that the myopic change precedes the development of the cataract in patients with lenticular progressive myopia.
However, the risk factors predisposing to lenticular progressive myopia have rarely been mentioned so far. The purpose of the present study was to compare the differences between cataracts with lenticular progressive myopia and age-related cataracts, and to assess the possible risk factors associated with lenticular progressive myopia.
Materials and methods
We retrospectively studied patients being diagnosed as lenticular progressive myopia with a discrete nuclear sclerotic cataract at two staffs' clinic in Kaohsiung Medical University Hospital in Taiwan from January 1998 to February 2003. The diagnostic criteria were: Table 2) . Age-related cataracts were defined as those presenting with nuclear sclerosis only or nuclear sclerosis combined with cortical opacity and/or subcapsular opacity in the senile age (over 55 years old). And there are no obvious myopic refractive changes in recent years. The sex distribution, age, manifest refractive status before and after the operation, and biometric data including the keratometry (K-values) and the axial lengths in both groups were compared. The possible ocular or systemic associating diseases in patients with lenticular progressive myopia were also investigated. In 23 patients with only one eye affected with lenticular progressive myopia, the K-values and axial lengths were compared between the affected eyes and the fellow eyes. The axial length was recorded with an ultrasonic biometer (Model 820, Humphrey Instruments, USA), the K-value was measured with a keratometer manually (OM-4, Topcon, Tokyo, Japan), and the refractive status was measured with an autorefractor (RK-3000, Topcon, Tokyo, Japan). Cataracts were extracted by either extracapsular cataract extraction or phacoemulsification with IOL implantation. Biometric data in patients with lenticular progressive myopia and senile cataract were statistically analysed by Student's t-test.
Results
The mean age at the time of cataract extraction in the study group was 52. Table 4 ). The original refractive status before starting myopic progression in the study group ranged from hyperopia to myopia. There were five hyperopic eyes, and the mean refractive status before the change was À3.94773.343 D, the refraction at the time of cataract surgery was À10.47174.772 D (Figure 1 ).
In the study group, there were 23 patients (65.7%) with only one eye affected. We compared the data of K-values and axial lengths between the affected and the fellow eyes in these 23 patients. The mean K was 43.6371.37 D in the affected eyes, and 43.7672.07 D in the fellow eyes. The mean axial length was 25.4171.88 mm in affected eyes, and 25.071.87 mm in the unaffected. The data of K-values and axial lengths both showed no significant differences between the affected and unaffected eyes ( Table 5 ).
The associating ocular and systemic diseases in patients with lenticular progressive myopia were analysed (Table 6 ). A total of 16 patients were associated with certain systemic diseases, and five patients had cataracts combined with other ocular diseases. There were no specific ocular or systemic disorders closely associated with lenticular progressive myopia.
Excluding six eyes not receiving cataract extraction and one unavailable datum, 28 of 40 eyes (70%) had bestcorrected visual acuity better than 20/25 after the operation (Table 1) .
Discussion
In 1987, Brown and Hill 4 concluded that simple myopia does not appear to predispose to cataract formation. It is development of the cataract itself, particular in patients with nuclear sclerosis, which causes the refractive change towards myopia. The healthy ageing eye and eyes with cortical cataract or subcapsular cataract, but without nuclear sclerosis, continue to show a gradual hyperopic change with time. The myopic shift observed in nuclear cataract was independent of whether an eye started out as being refractively myopic or hyperopic. However, only the data of refraction instead of biometric data were investigated in their study. Although the definite refractive status before the beginning of the myopic shift was unavailable in some patients in our study, and the Axial length in lenticular progressive myopia H-Y Lin et al refractive data of old spectacles were used in these eyes, our results showed that they could range from hyperopia to myopia (there were five hyperopic eyes). Our study showed the same results as that of Brown and Hill 4 that the original refraction was not the key factor to start the lenticular myopic shift. Since the refractive status was the result of nuclear sclerosis, we used the biometric data, including the K-value and axial length, and not only the refractive status, to study the possible risk factors associated with lenticular progressive myopia.
The patients enrolled in the present study had a special form of cataracts with visual significant lenticular progressive myopia, not cataracts accompanying axial myopia with or without notable induced myopic shift. To investigate the true lenticular progressive myopia, not the progressive 'axial' myopia, all the patients enrolled in this study had obvious histories of starting progressive myopic shift after the age of 30 years. The growth of axial length occurred in two stages in humans: an early or infantile stage, which Sorsby and co-workers assumed to conclude at age 3 years, and the subsequent juvenile stage, ending at the age of 14 years. The eye appears to have achieved its full growth by the age of 13 or 14 years. At the completion of ocular growth at age of 14 years, they found that the male eye had attained the average axial length of 24.1 mm, and the female 23.7 mm. 5 Sorsby also suggested that in younger children in whom there was a greater increase in axial elongation there also could be noted a greater capacity for compensatory changes. This manifests itself in the generalization that the longer the eye, the deeper the anterior chamber, the flatter the cornea, and the less the lens refractive power. In our study, patients with lenticular progressive myopia had significant lower mean K-values and longer axial lengths than those with the senile cataract. This compensatory result was compatible with Sorsby's theory.
Nuclear sclerotic cataract as a cause of visual loss in young patients with axial myopia has been described in as early as 1980. 6 De Natale et al 7 found that myopic eyes with axial myopias always had higher lens opacity values than that of emmetropic ones, and this result was statistically significant after the age of 20 years. Kaufman and Sugar 3 reviewed a series of young patients with myopia who had a visually disabling cataract. They concluded these patients are a select group that tends not to follow the established associations between the visually significant lens opacities, age, and the degree of myopia. Nuclear sclerotic cataract in young patients had also been described in Taiwan. 8 Chen et al suggested that patients with an axial length greater than 27.0 mm had the greatest risk of developing lenticular progressive myopia. However, there was no control group in these studies. And in our clinical observation, not every patient with longer axial length (greater than 26 mm) would develop lenticular progressive myopia. To clarify the differences between the lenticular progressive myopia and common cataract, we selected the age-related cataracts, which had no progressive myopic shift, to be the control group, and compared the data between these two groups to find out the possible risk factors of lenticular progressive myopia.
In our series, the mean age at cataract operation in the study group was 52.979.2 years old, which was younger than the defined age of senile, 55 years old. In Taiwan, an epidemiological study indicated that the age-related cataracts were more common in women than in men. 9 The sex distribution in senile cataracts was different from that in our patients with lenticular myopia. The male is more predominant than the female among patients with lenticular progressive myopia (30 eyes vs 17 eyes). Another study by Chen showed the same result as ours in Taiwanese patients. 7 The difference of mean age between study and control group is partly explained by the bias of criteria of case selection between two groups. The discrete nuclear sclerosis with lenticular progressive myopia in our study was a different form of cataract from the ordinary senile nuclear cataract. It occurred in younger patients, more in male gender, and belonged to the presenile cataract.
We are aware of the possibility of metabolic disorders, like galactosemia, causing the presenile cataract. An oxidative damage to the lens proteins may also cause the formation of large and dense molecular aggregates inducing a reversible lens myopia and nuclear cataract. 10 The rapid development of nuclear cataract in patients under hyperbaric oxygen treatment strongly supports the oxidative theory of nuclear cataract formation. Nutrition deficiencies 11 and ultraviolet radiation 12 had been reported predisposing to cataract development. However, there was no close relationship between the associating ocular or systemic disorders and lenticular progressive myopia in the present study.
A significant difference of the axial length between the lenticular progressive myopia group and the senile cataract group means the long axial length was a unique association with lenticular progressive myopia in our study. Weale 13 quoted Fisher's work 14 on lens fibre stress to show that the latently accommodated lens of the hypermetrope would be relaxed, whereas, in the myopic eye, lens would be stressed by a continually unrelaxed zonnule. Fisher suggested that myopic lenses are subject to greater 'ciliary stress' than emmetropic lenses, primarily because of the decreased accommodative demand placed on myopic eyes. The theory failed to explain the high incidence (11 in 12 eyes) of unilateral cataract in Kaufman and Sugar's series of patients. 3 However, in our series, 12 of 35 patients (34.3%) were affected in both eyes. Lenticular progressive myopias happened in both eyes consecutively, but not simultaneously in every case. The longer axial length in lenticular progressive myopia caused fewer accommodative demand and greater fibre stress of lens at near working than the ordinary ones in senile cataract. This possibility may explain why the long axial length is one of the risk factors in some patients with lenticular progressive myopia, but not all. We still do not know why the starting time and the degree of progressive myopic shift are different in both eyes in some individuals. Besides axial length, there should be other unknown trigger factors to start the myopic shift.
The biometric data between the affected and unaffected eyes in 23 patients with unilateral lenticular progressive myopia showed no significant differences in both K-values and axial lengths. Whether the unaffected eyes will develop lenticular progressive myopia a few years later or not needs further observations and long-term studies. Our retrospective study has its limitation to answer the question.
In our study, many of the patients following surgery had myopic results. To reduce the postoperative anisometropic condition after one eye cataract extraction, most of the patients would like to choose the IOL with low myopic results in biometric examinations, especially for some patients having pre-existing myopia in both eyes. Besides, after discussing with patients, low myopic refraction following surgery made patients more convenient at near working. The visual acuity after cataract extraction is usually good.
Lenticular progressive myopia is a specific form of cataracts, and it is different from the senile cataract. It may develop in both eyes simultaneously or consecutively. Low myopias, emmetropias even hyperopias with long axial lengths can develop lenticular progressive myopias, and the refraction status is not the key factor to start its development. The longer axial length may be one of the important risk factors predisposing to lenticular progressive myopia. The detailed mechanism of developing lenticular progressive myopia is still unclear, and it needs further clarifying.
